Investigation of intercooling effect in CO2 capture energy consumption  by Karimi, Mehdi et al.
Available online at www.sciencedirect.com
   
 
Energy  Procedia  00 (2010) 000–000 
 
Energy 
Procedia 
 
www.elsevier.com/locate/XXX
 
GHGT-10 
Investigation of intercooling effect in CO2 capture energy 
consumption 
Mehdi Karimi, Magne Hillestad, Hallvard F. Svendsen* 
Department of Chemical Engineering, NTNU, Sem Sælands vei 4, N-7491 Trondheim, Norway 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
The aqueous absorption technology is one of the most feasible options for post combustion CO2 capture. High energy 
requirement is the main problem for this technology. Intercooling is possibly one of the strategies that can reduce the energy 
consumption in some cases. It is used in other industries like oil refineries and has a promising effect on energy use reduction. 
However, the effect may depend on the absorbent system used and the configuration of the process. 
In this study, the effect of intercooling is investigated for monoethanolamine (MEA) and diethanolamine (DEA). The results 
show that the best location for intercooling, based on minimizing energy requirement per kg of CO2 captured is about 1/4th to 
1/5th of the height of the column from the bottom. The effect of different parameters like lean loading, amine concentration, 
cooling temperature, etc is investigated in this study. The results for MEA and DEA are compared to see the effect of solvent on 
intercooling performance. 
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1. Introduction 
One of the main global challenges in the years to come is reducing the CO2 emissions. Energy efficiency 
improvement and a transition to renewable energy as the major energy source can reduce CO2 emissions, but such 
measures can only lead to significant emission reductions in the long term. Capturing and storing the greenhouse gas 
(carbon dioxide) produced by power plants is generally considered to be one of the main options for reducing man 
made atmospheric emissions of CO2 and can play a major role in minimizing climate change. One of the most 
feasible options is post combustion absorption for CO2 capture. The main problem facing the implementation of 
aqueous absorption/stripping CO2 capture is the high operating cost. The energy requirement in CO2 capture plant is 
estimated to be 15-30% of the net power production of a coal-fired power plant [3]. The main energy required is the 
steam consumed by the stripper reboiler. Many studies have been performed to reduce the energy required for CO2 
capture and inter-cooling is one of the strategies that can reduce the energy consumption of CO2 capturing plants. It 
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is used in other industries like oil refineries and with promising effects. However, the effect will depend on the 
absorbent system used and the process configuration. 
This study focuses on post combustion CO2 capture from a 150 MW pulverized coal fired power plant. The 
simulations are done in UniSim Design and ProTreat for 90% CO2 capture by 30wt% MEA and DEA.  
2. Process description 
In this study, a conventional capture plant is simulated as a base case. The base case includes an absorber, a 
stripper, pumps, a rich-lean heat exchanger and a lean amine cooler, as shown in Figure 1. 
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Figure 1. Conventional CO2 capture plant 
An optimization is done to achieve an optimum number of trays in the absorber and the stripper. The lean loading 
is also optimized based on the energy required in the plant for 90% CO2 capture from a flue gas with the following 
specifications: 
Table 1. Flue gas specifications 
Temperature (oC) 48 
Flow rate (kmol/hr) 24123 
Pressure (bar) 1.2 
Composition (mol fraction)  
 CO2 0.1176 
 Nitrogen 0.7237 
 Oxygen 0.0502 
 H2O 0.1085 
 
Two types of energy are needed in the process, electrical or mechanical energy for pumps and heat for the 
reboiler. These two types have different economic value, and for comparing the total energy for different cases we 
need to unify them. In this work the heat is converted to equivalent thermodynamic work (power). It means how 
much electricity can be produced with the same amount of reboiler steam. We assume that the temperature of steam 
in the reboiler (TH) is 10°C higher than the reboiler temperature and that steam condenses at 40°C in the turbine 
(TC). The total equivalent work for the plant (the objective function) is then 
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Where Re 10 [K]H bT T   and 313 KCT  . The turbine efficiency () to produce electricity from steam is assumed 
to be 75%. 
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The optimum number of trays in the absorber and stripper, in addition to the optimum lean loading for MEA and 
DEA are shown in Table 2: 
Table 2. Optimum parameter for the Capture plant 
 Number of trays  
  Absorber. Stripper  Lean Loading
MEA 15 20 0.2387(0.24)
DEA 30 15 0.11 
 
When intercooling is installed, a side stream is drawn from the absorber column, fed to the intercooler and cooled 
down to a specific temperature. The lowest temperature used in this study is 30 oC. The cooled liquid is returned to 
the column at a location just beneath where the liquid is taken. Intercooling can take place in any tray or height of 
column, and the location has a significant effect on intercooling efficiency and energy required. The best location 
for intercooling is found and the objective is to minimize the total energy required per kg of CO2 captured. Also, the 
effect of different parameters like lean loading, amine concentration, cooling temperature, etc is investigated in this 
study. 
3. Modeling and simulation 
A Matlab program is created, and integrated with UniSim to simulate (emulate) intercooling at different trays. 
The simulation is started from Matlab and linked to the UniSim case. The Matlab code changes the intercooler 
position in UniSim, which is run to convergence for the new position. When the simulation is running, the Matlab 
code adjusts the flow rate to the intercooler to be equal to the liquid flow rate at that stage. For cooling, the whole 
liquid flow of the tray is taken out from the column. After the UniSim case is converged, the necessary data are 
recorded by Matlab to be used for later comparison. Because the computing time is very long for the complete 
capture plant, a stand-alone absorber is simulated. The flue gas specification and the lean amine pressure, 
temperature and composition are fixed for all runs. There is an adjust operator that adjusts the lean amine flow rate 
to have 90% CO2 removal in all cases. The best location for intercooling is where the amine flow rate is at the 
minimum. The intercooling effect on the total energy consumption is investigated in a complete capture plant for 
some of the cases. The results from the stand-alone absorber are consistent with the results from the entire plant. 
The simulation is validated by simulating the process in ProTreat. The number of trays is the same for the two 
simulators. For the simulation in ProTreat parameter for the column like packing type, column dimensions, percent 
of flooding etc., are needed. These parameters are selected to give similar results, as for UniSim, for the base case 
without intercooling in absorber. These parameters are then kept constant during the other simulations with 
intercooling at different positions. 
4. Results 
The effect of different parameters such as intercooler temperature and location in addition to lean loading are 
investigated for both MEA and DEA. The results are shown in the following: 
4.1. Best location for intercooling 
To find the best location for intercooling the base case with the same number of trays and lean loading is used as 
a reference. The stand alone absorber model integrated with Matlab is used and lean flow rate recorded when there 
is intercooling on different trays. For the location study, the liquid is cooled down to 40 oC for MEA and DEA. 
Because temperature and flow are not the same for the various trays in the column, the intercooler duty will change 
with position. Figure 2 shows the results for MEA and DEA. In this graphs the liquid flow rate is plotted versus 
intercooling position, given as tray number. 
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a)         b) 
Figure 2. The required liquid flow rate in order to obtain 90% CO2 capture as function of intercooler position,     
a) MEA, b) DEA 
The best location for intercooling is found to be about 1/4th of the column from the bottom for MEA and 1/5th for 
DEA. The best location for intercooling will change depending on other parameters like lean loading, intercooler 
temperature, and lean amine temperature. 
4.2. Solvent 
Intercooling performance is dependent on type of solvent. In Table 3, the results for MEA and DEA are 
compared.  
Table 3. Comparison of equivalent work for CO2 capture by MEA and DEA 
 Weq (kj/kg CO2) Without intercooling 
Weq (kj/kg CO2) 
With intercooling Energy Saving 
MEA 626.48 608.66 2.84 % 
DEA 869.83 840.64 3.36 % 
 
Comparing the results for MEA and DEA shows that the effect of intercooling is more pronounced for the DEA 
cases (see Table 3). 
4.3. Lean loading 
Every capture plant has an optimum lean loading where the plant has a minimum energy requirement. The 
optimum lean loading depends on parameters like energy price, absorber and stripper size, operation limitation, etc. 
In this section, the effect of changing lean loading is investigated. The simulations show that intercooling is more 
effective at higher lean loadings for MEA. The lean amine flow rate to the absorber without intercooling is 
considered as the base case for each new lean loading and compared to the flow when the intercooler is in the best 
location. The results are shown in Table 4 for MEA. These results are for a lean amine temperature equal to 45 oC 
and intercooler temperature equal to 40 oC. 
Table 4. Effect of lean loading on intercooling efficiency for MEA 30wt% 
Lean loading 0.20 0.25 0.30 0.35 
Lean amine flow rate without intercooling 75 993 93 140 125 285 172 927 
Lean amine flow rate with intercooling in 
best location 73 966 88 754 112 084 149 870 
Flow decreasing 2.67 % 4.71 % 10.54 % 13.33 % 
Energy Saving 2.23 % 2.84 % 6.19 % 7.27 % 
 
As shown in the last row of Table 4, we can save more energy at a higher lean loading for MEA, but the heat 
requirement increases with increasing lean loading.  
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 For DEA the results are shown in Table 5. 
Table 5. Effect of lean loading on intercooling efficiency for DEA 30wt% 
Lean loading 0.08 0.1 0.12 
Lean amine flow rate without intercooling 183 704 195 026 211 959 
Lean amine flow rate with intercooling in 
best location 162 281 179 967 201 140 
Flow decreasing 11.66 % 7.72 % 5.10 % 
Energy Saving 6.85 % 4.21 % 2.65 % 
 
By comparing Tables 4 and 5 it is seen that the effect of increasing lean loading is the opposite. For DEA both 
the total energy requirement increases and the saving when using intercooling decreases as a function of increasing 
lean loading. The reason is the different changes in temperature profile for MEA and DEA when the lean loading is 
changing. When the lean loading is increased, more lean amine is needed for constant CO2 capture. In this situation 
the amount of CO2 that is captured at top is decreasing and at the bottom is increasing. Consequently, the 
temperature profile will change. The temperature at some trays at the top decreases but for the most of tray at the 
bottom increases for MEA and the temperature bulge move down. In this condition adding an intercooler has a more 
significant effect on the temperature profile and mass transfer and cause more saving in energy consumption. For 
DEA the temperature decreases for all trays when the lean loading and lean amine flow rate increase. Consequently 
adding an intercooler has a smaller effect on temperature profile and mass transfer. The same reason causes the 
different intercooling effect for MEA and DEA energy saving in different amine concentration (section 4.5). 
Another effect of lean loading is a change in best location for intercooling. The best location for intercooling 
moves upwards a little when the lean loading is increasing in MEA case. For MEA with a lean loading of 0.2 and 
0.35 the trays number 3 and 6 from the bottom of the column are the best locations for intercooling respectively. For 
DEA the best location for intercooling does not change with lean loading. Lean loading can also change the shape of 
the curve that defines the best location. The curve is more flat at higher lean loadings.  
4.4. Intercooler temperature 
Different temperatures for intercooling are tested. The results show that for temperatures above 30 oC the 
intercooler is more effective at lower intercooling temperatures for MEA. The energy saving will increase from 
about 2% to 4.3% when the intercooler temperature changes from 45 to 30 oC. Cooling below 30 oC in industry is 
normally not easy and cheap and was therefore not investigated. The intercooler temperature will change the best 
location for intercooling. The location for intercooling moves down a little when the intercooler temperature 
decreases. 
For DEA there is an optimum temperature for intercooling. When the lean amine temperature is 50 oC, 
intercooling to 40-45 oC gives the highest energy saving. Below and above this temperature, the energy savings will 
decrease. 
These behaviors for MEA and DEA are reasonable, because two parameters are important in mass transfer. First 
is the rate of reaction and the second is absorption equilibrium. When the temperature increases, the rate of reaction 
increase. But an increasing temperature has a negative effect on absorption equilibrium. The reaction rate for MEA 
is high and the absorption is controlled by equilibrium and it is better to operate the absorber at low temperature. 
The reaction of CO2 with DEA is not so fast and both reaction rate and equilibrium control the absorption process. 
At high temperature the equilibrium and at low temperature the reaction rate cause to decrease absorption efficiency. 
Consequently there is an optimum for intercooler temperature for DEA. This reason is applicable for different 
behavior of MEA and DEA for lean amine temperature (section 4.6) 
4.5. Amine concentration 
When the amine concentration is lowered, the use of intercooling becomes more effective in saving energy for 
MEA, but the result is opposite for DEA. The results are shown in Table 6 for MEA. The results are for a lean amine 
temperature equal to 45 oC and an intercooler temperature equal to 40 oC. 
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Table 6. Intercooling effect upon a change in MEA wt% 
MEA wt % 0.20 0.25 0.30 
Lean amine flow rate without intercooling 153 506.7 117 152.9 93 110.6 
Lean amine flow rate with intercooling in 
best location 139 820.6 109 877.5 88 721.1 
Flow decreasing 8.92 % 6.21 % 4.71 % 
Energy Saving 5.73 % 3.88 % 2.81 % 
 
For the DEA case, the lean amine temperature is set to 50 oC and the intercooler temperature equal to 40 oC. The 
results are shown in Table 7. 
Table 7. Intercooling effect upon a change in DEA wt% 
DEA wt % 0.20 0.30 0.40 0.50 
Lean amine flow rate without intercooling 281 838.1 202 746.8 163 776.4 139 019.1 
Lean amine flow rate with intercooling in 
best location 271 575.6 189 843.6 146 928.8 119 701.2 
Flow decreasing 3.64 % 6.36 % 10.29 % 13.90 % 
Energy Saving 2.00 % 3.36 % 5.26 % 6.84 % 
4.6. Lean Amine temperature 
The temperature of lean amine to the absorber can effect both the energy requirement of the capture plant and the 
intercooling efficiency. For MEA, when the lean amine temperature increases, the total energy consumption will 
increase. However, the intercooling efficiency is found not to be sensitive to the lean amine temperature in the MEA 
case. For DEA a lean amine temperature about 45-50 oC is found to be optimal and below and above this 
temperature, the energy consumption will increase. For DEA, intercooling is more effective at higher lean amine 
temperature and for lean amine temperature less than 45 oC, intercooling causes an increase in energy requirement, 
i.e. an energy loss instead of energy saving. 
5. Conclusions 
In this study the effect of intercooling on the total energy requirement of a post combustion CO2 capture plant is 
investigated for MEA and DEA. For MEA the best location for intercooling is at the bottom of the column even if 
the temperature bulge is closer to the absorber top. The intercooling efficiency is affected by many parameters, such 
as type of solvent, lean loading, lean amine temperature, intercooler temperature and amine concentration.  
Comparing the results for MEA and DEA shows that the effect of intercooling is more pronounced for DEA. The 
effect of increasing the lean loading with intercooling is opposite for MEA and DEA. Intercooling at high lean 
loading is better for MEA, while for DEA it is better to have intercooling at low lean loading. The intercooler 
temperature for MEA should be as low as possible, while for DEA a temperature around 40-45 oC is found to be an 
optimum value. 
Another parameter that affects the intercooling performance is the amine concentration. When the amine 
concentration is lowered the use of intercooling becomes more effective for MEA, while this is opposite for DEA. 
The last parameter that is investigated is the lean amine temperature. The intercooling efficiency is not sensitive to 
the lean amine temperature in the MEA case, but it will increase at higher lean amine temperatures for DEA. 
From the conditions discussed above, we can conclude, based on simulations, that intercooling is an option for 
reducing energy consumption, but not always. Consequently for any special case, an investigation is necessary to 
see whether or not intercooling is economic for that case. 
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